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(54) MEASUREMENT OF PARTICLE CONCENTRATION IN 

LIQUIDS 



(71) I, JOHN WARDMAN SCHO- 
FIELD, of Windrush Cottage, Maiden Street, 
Weston, Hitchin, Hertfordshire, a British sub- 
ject, do hereby dedare the invention, for whicn 
I pray that a patent may be granted to me, 
and die method by which it is to be perromwd, 
to be particularly described in and by the fol- 
lowing statement: — 

This invention relates to-die measuremOTt ot 
the concentration of particles suspended m 
liquids, particularly water. 

Conventional apparatus for this purpose use 
optical methods the results of which are 



a Gunn diode 2 mounted therein. Adjacent to 
ca\nty 1 there is a secondary cavitj' 3 which 
receives microwave energy from cavity 1 
through an iris 4. Cavity 3 is arranged to have 
mounted therein a tube 6 of a sample of water 
in which it is desired to measure the concen- 
tration of particles suspended. Tube 6 may be 
a simple test tube or else may be included in 
a flow-through system. A probe 7 is moimted 
in cavity 3 to extract microwave signals there- 

^ . r ^ 
The resonant frequency of a cavity of fixed 

dimensions depends inter alia on the dielearic 
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mon voltage source. 

35 In carrying out the invention each resonator 
may be coupled to a secondary cavity asso- 
ciated therewith and tlie samples are contained 
in the secondary cavities. The coupling between 
a resonator and its secondary cavity may be 

40 by means of an iris. 

In order that the invention may be more 
fully understood reference will now be made to 
the drawing accompanying this specification 
the single Figure of which illustrates an em- 

45 bodiment thereof in diagrammatic form. 

Referring to the Figure there is shown 
therein a first cavity resonator 1 energised by 



bias supply 10 of say 10 volts. A secondary 
cavity 1 1 is coupled to resonator 8 through an 
iris 12. In like manner to cavity 3, cavity 11 
is arranged to have mounted therein a tube 14 
of water, preferably pure water, as a reference. 85 
Microwave energy in cavity 11 is extracted 
therefrom by means of a probe 15. The sig- 
nals from probes 7 and 15 are mixed together 
in a mixer 16 and the frequency of the output 
therefrom is measured in a suitable device 17. 90 

Resonator 1 and secondary cavity 3 for the 
sample under test are arranged to be of similar 
shape respectively to reference resonator 8 
and its secondary cavity 11. Also to ensure that 
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(54) MEASUREMENT OF PARTICLE CONCENTRATION IN 

LIQUIDS 




(71) I, JOHN WARDMAN SCHO- 
FIELD, of Windrush Cottage, Maiden Street, 
Weston, Hitchin, Hertfordshire, a British sub- 
ject, do hereby dedare the invention, for which 
I pray that a patent may be granted to me, 
and the mediod by which it is to be performed, 
to be particularly described in and by the fol- 
lowing statement: — 

This invention relates to the measurement of 
the concentration of particles suspended in 
liquids, particularly water. 

Conventional apparatus for this purpose use 
optical mediods the results of which are 
affected by the size of the particles that may 
be suspended and by the growth of films on 
the optical surfaces of the apparatus. 

According to the invention apparatus for 
the measurement of the concentration of par- 
tides suspended in liqUids comprises two 
microwave cavity resonators, means for 
enabling a standard sample of liquid to be 
coupled to one of the resonators to affect the 
resonant frequency thereof, means for enabling 
a sample of liquid under test to be coupled to 
the other resonator to affect the resonant fre- 
quency thereof, and means for mixing the out- 
puts from the resonators to derive a difference 
frequency dependent on the difference in con- 
centration of particles in the two samfdes. 

Preferably ^e resonators are of similar 
shape and resonate at the same frequency. The 
resonators may conveniently be energised by 
Gunn xiiodes whidi are supplied from a com- 
mon voltage source. 

In carrying out the invention each resonator 
may be coupled to a secondary cavity asso- 
^ikted therewidi and the samples are contained 
in the secondary cavities. The coupling between 
a resonator and its seoondsffy cavity may be 
by means of an iris. 

In order that the invention may be more 
fully understood reference will now be made to 
the drawing accompanying this spedfication 
the single Figure of which illustrates an em- 
bodiment thereof in diagrammatic form. 

Referring to the Figure there is shown 
therein a first cavity resonator 1 energised by 



a Gunn diode 2 mounted therein. Adjacent to 
cavity 1 there is a secondary cavity 3 which 
receives microwave energy from cavity 1 
through an iris 4. Cavity 3 is arranged to have 
mounted therein a tube 6 of a sample of water 
in which it is desired to measure the concen- 
tration of parades suspended. Tube 6 may be 
a simple test tube or dse may be induded in 
a flow-through system. A probe 7 is mounted 
in cavity 3 to extract nucrowave signals there- 
from. 

The resonant frequency of a cavity of fixed 
dimensions depends inter alia on the dielectric 
constant of the material in- space within the 
cavity. The dielectric constant of water is about 
80 for frequences bdow its absorption edge 
while the didectric constant of sludge solids 
(the residue from sewage worics) is typically 
less than 5. Thus the didectric constant of a 
water sample containing partides will be some- 
where between these figures and wOl depend on 
the concentration of particles in the water 
cample. Thus the extent to which the resonant 
frequency of cavity 3 is affected by the presence 
of a water sample therein depends on the ccm- 
centration of partides in that sample. 

In order to provide a suitable reference fre- 
quency against which the frequency changes 
caused by partides in a sample can be 
measured a further resonant cavity 8 is pro- 
vided which contains a Gunn diode 9 resonant 
at the same frequency as diode 2 and both 
diodes 2 and 9 are supplied from a common 
bias supply 10 of say .10 volts. A secondary 
cavity 11 is coupled to resonator 8 through an 
iris 12. In like maimer to cavity 3, cavity 11 
is arranged to have mounted therein a tube 14 
of water, preferably pure water, as a reference. 
Microwave energy in cavity 11 is extracted 
therefrom by means of a probe 15. The sig- 
nals from probes 7 and 15 are mixed together 
in a mixer 16 and the frequency of the output 
therefrom is measured in a suitable device 17. 

Resonator 1 and secondary cavity 3 for the 
sample under test are arranged to be of similar 
shape respectively to reference resonator 8 
and its secondary cavity 11. Also to ensure that 
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there are no dimensional differences arising out 
of differences in temperature between the 
cavities it -is desirable to make both resonators 
and their secondary cavities out of a single- 
5 blodc of aluminium for example. 

If a sample of pure water is placed in tube 
14 and the sample in tube 6 is unpolluted it 
will be seen that there will be no difference in 
the frequencies of the signals fed. to mixer 16 

10 and hence mixer 16 will provide a zero fre- 
quency output. However the presence of par- 
ticles in die water in tube 6 wHl alter ,tiie leso- 
nant frequency of the energy in cavity 3 to 
produce a frequency difference between the two 

15 inputs to mixer 16. Accordingly the frequency 
of the output fzom nuxer 16 is a measure of 
the concentration of parddes in tube 6. Fre- 
quency measuring device 17 oan comfmse a 
counter Otr a (ratemeter. 

20 The degree of coupling between coimter 1 
and cavity 3 is determined by the size of the 
aperture in the iris 4 and this determines the 
magniitude of the f requ«icy change for a given 
concentration of particles. Accordin^y the size 

25 of the iris determines the sensitivity of the 
apparatus. 

WHAT I CLAIM IS:— 
1, Apparatus for the measurement of the 
concentration of particles suspended in liquids 
30 comprising two microwave cavity resonators, 
means for enabling a standard sample of Hquid 
to be coupled to one of the resonators to affect 



the resonant' frequency ithereof, means for 
enabling a sample of liquid under test to be 
coupled to the other resonator to affect the 35 
resonant frequency thereof, and means for mix- 
ing the outputs from the resonators to derive 
a difference frequency dependent on the dif- 
ference in concentration of partides in the two 
samples. 40 

2. The apparatus as daimed in Qaim 1 
in which the said two resonators are of similar 
shape and resonate at the same frequency. 

3. The apparatus as daimed in ei^er one of 

the preceding claims in which the two xeso- 45 
nators are eadi energised by Gunn diodes 
whidi are supplied from a common voltage 
source. 

4. The apparatus as daimed in any one of 

the preceding claims in which respective 50 
secondary cavities are assodated with each 
resonator and the samples are contained in the . 
secondary cavities. 

5. The apparatus as claimed in Qaim 4 in 
which an iris coupling is provided between 55 
each resonator and its secondary cavity. 

6. Apparatus for the measin*ement of the 
concentration of partides suspended m liquids 
substantially as described herdn with reference 

to the accompanying drawing. ^ 

N. N. DAVIS, 
Chartered Patent Agent, 
Agent for the Applicant. 
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